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RESEARCH MEMORANDUM

SPIN-TUNNEL INVESTIGATION OF A MOTEL OF A 60° DELTA-WING
ATRPLANE TO DETERMINE THE SPIN, RECOVERY, AND
LONGITUDINAL TRIM CHARACTERISTICS THROUGHOUT

AN EXTENSIVE RANGE OF MASS LOADINGS

By Walter J. Klinar and Ira P. Jones, Jr.

SUMMARY

An investigation has been conducted in the Langley 20-foot free-
spinning tunnel to determine the spln, recovery, and longitudinsl-trim
characteristics of a 60° delta-wing model throughout an extensive range
of mass loadings. The spin investigation included variations in the
relative density, center-of-gravity position, and inertis parameters.
Glide tegts and static force tests were performed to determine whether _
any unusual trimming tendencies gbove the gtall were likely to exist for
designs of thisg type.

The Investigation showed that with a single-vertical-tail configu-
ration, the model did not spin for a wide range of values of the inertia
yewlng-moment parameter. . As the inertis yswing-moment parameter was
increaged or decreased from this range of values, however, sping were
obtained. The results showed that, although reversal of the rudder on
the single-vertical-tall configuration was generally ineffective in
terminating the spin rotation, movement of the ailerons to full with the
spin was very effective., When either of two large-dusl-vertical-tall
arrangements were Insgtalled, reversal of the rudders also stopped the
spin rotation.

The results of the glide tests and the static force tests indicated
that trim conditions sbove the stall would generslly be obtained when the
elevators were full up but that trim attitudes above the gtall with the
elevators at neutral or down probsbly would not be obtained unless the
center of gravity was relagtively far rearward.
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INTROTUCTION

Because of current interest in delta-wing alrcraft, an Iinvestigation
wa.g undertsken in the Langley 20-foot free~spinning tummnel to determine
the spin and recovery characteristlcs throughout a wide range of mass
loadings of a model of a Jjet-propelled girplane with no horizontal tail
having a delta wing with a 60° apex angle. For the investigation, the
relative density was varied from approximately 15 to 30, the center of
gravity was varied from approximately 24 to 35 percent of the mean
serodynamic chord, end the inertla yawing-moment parameter was varied

from approximstely -70 X 10~ = to -1500 X 10™ ', the maximum variatiohn
obtainable on the model. The baslic model configuration had a single
vertical tall mounted at the center of the fuselage, but several dual-
vertical-tail configurations were also investigated.

In addition to the spin investigation, force tests were conducted
from 0° to 90° angle of attack, and tests with the model in free gliding
flight in the tunnel were also performed to determine the longitudinal
trim characteristics of the model. The force tests were conducted on
the model used for the spin and glide tests and also on a larger model.

SYMBOLS
b wing span, feet
wing area, square feet

mean aerodynamic chord, feet

<
x/E ratio of distance of center of gravity rearward of
leading edge of mean aerodynamic chord to mean
aerodynamic chord
z/E ratio of distance between center of gravity and fuselége
reference line to mean aerodynamic chord (positive
when center of gravity is below fuselage reference line)
m mass of alrplane, slugs
Iy Iy, Iy moments of inertia about X, ¥, and Z body axes,
respectively, slug-feete
Iy - I i
—z-_ﬁ—g inertia yawing-moment parameter
b .
3
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Iy - Ig :
———er inertla rolling-moment parameter
mb2
Iz - Ix '
inertia pltching-moment parameter
b2

p alr density, slug per cubic foot

83 relative density of airplane (p_m_Sb)

R Reynolds number

o angle of attack, degrees (For the spin data presented on
the charts, a is the angle between fus_elage reference
line and vertical and 1s approximastely equal to the
absolute value of the angle of attack at plane of
symmetry. )

angle between span axis and horizontal, degrees

v full-scale true rate of descent, feet per second

Q full-scale angular velocity about spin axis, revolutions
per second .

L . 1ift, pounds

D drag, pounds

M pitching moment about center of gravity of airplane,

: foot-pounds

q dynamic pressure, pounds per square foot

Cr, 1ift coefficient (L/qS)

Cp drag coefficient (D/gS)

(3 pitching-moment coefficlent (M/qsT)

') - angle of yaw about Z body axis, degrees

Se o elevator deflection,' positive when trailing edge is down,

degrees
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Bg, ) alleron deflection, degrees

& rudder deflection, positive when trailing edge is to the
left, degrees

APPARATUS AND METHODS

Mcodels

The model used for the spin investigation and the glide tests was
1
of such proportions as to be conslidered representative of a —-gcale
20

model of a fighter-type alrplane, and the dimensionsl characteristics
of a corresponding full-scale airplane are given 1in table I. Figure 1 1is

a three-view drawing of the és-scale model, and the various dual-vertical-

tall arrangements tested on the model are shown in figure 2. Comparison
of figure 1 and figure 2 shows that the wing span of the model was reduced
somewhat when the dual vertical tails were installed. A photograph of

the és-scale model spinning In the tunnel is shown as figure 3. The

larger model, which was used only for force tests, was considered to
be a f;-scale representation of the airplane and is shown mounted in the

tunnel in figure 4.

For the models used for this Investigation, lateral and longitudinal
control were combined in one palr of surfaces called elevons. Longi-
tudinal control was obtained by deflecting the elevons together, and
lateral control by differentizl deflection of the elevons. Hereinafter,
elevon deflections for longitudinal and lateral control will be referred
to, for slmplicity, as elevator deflection and alleron deflection,

respectively.

The é%-scale model was ballasted with lead weights to obtain dynamic

gimilarity to a corresponding alrplane at an altitude of 15,000 feet

(p = 0.001496 slug/cu f£t). The welght, moments of inertia, and center-
of -gravity location used in ballasting the model were selected on the
basis of dimensions of an airplane typical of thisg type.

A remote-control mechanism was installed in the model to actuate

the controls for recovery. Sufficient moments were exeried on the
control surfaces during recovery attempts to move them fully and rapidly. -

CONF1DENTIAL
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Wind Tunnel and Testing Technique

The tests were performed in the Langley 20-foot free-spinhing .
tunnel, the operation of which is generally similar to that d#scribed
in reference 1 for the Langley 15-foot free-splnning tunnel. -

Spin tests.- The model-lsunching technique for spin tests has been
changed from that described in reference 1 in that the model is now
lsunched by hand with rotation into the vertically rising ailr stream.
After a number of turns In the established spin, a recovery attempt 1is
made by moving one or more controls by means of the remote-control
mechanism. The spin data obtalned from these tests are then converted
to corresponding full-scale values by methods described 1n reference 1.

In accordance with standard spin-tunnel procedure, tests were
performed to determine the spin and recovery characteristics of the model
for the normal-control configuration for spimming (elevator full up,
ailerons neutral, and rudder full with the spin) and for various other
aileron-elevator combinations including neutral and maximum settings
of the surfaces for various model loadings and configurations. Recovery
was generally attempted by rapid reversal of the rudder from full with
to full against the spin. Recovery was alsc attempted by moving the
allerons to an intermediate or full deflection with the spin. TFor some
tests, rudder reversal was accompanied by elevator reversal. Tests were
also performed to evaluate the possible adverse effects of small devia-
tions from the normal-control configuration for. spinning. For these
tests, the elevator was set at two-thirds of its full up deflection and
the allerons were set at one-third of full deflection in the dlrection
conducive to slower recoveries (against the spin for this model for all
loadings tested). This particular control configuration is referred to
as the "criterion spin." Recovery from this spin was attempted by
rapidly reversing the rudder from full with to only two-thirds against
the spin or by reversing only the ailerons to with the spin.

The number of turns requlred for the spin rotation to cease was
measured from the time the controls were moved until the rotation was
terminated. Based on previous spin-tunnel experience, the spin rotation
was considered to be adequately damped if the model stopped rotating

within 2%r turns after control movemeht from the criterion spin.

For recovery attempts in which the model struck the safety net
while it was still in a spin, the recovery was recorded as greater than
the number of turns from the time the controls were moved to the time
the model struck the net. The condition existing when the spinning
motion imparted to the model at launching was damped without movement
of the controls is referred to as "No spin" on the charts.
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Force tests.- The 1ift, drag, end pitching-moment—data were obtained
by mounting the models on a six-component electrical strain-gage balance
in the Langley 20-foot free-spinning tunnel.

Glide tests.~ In order to investigate the longitudinel trim
tendencles of the és-scale model for rearward positions of the center

of gravity, the model was launched from an improvised ramp at one side
of the tunnel and permitted to glide freely across the tunnel, the
tunnel airspeed being held constant. The attitude of the model during
its flight across the tunnel was determined from studies of motion
pictures of the model. Inssmuch a8 the transverse and vertical angles
of the camera axis and the horizontal and vertical distances traversed
by the model in a gliven timé interval bad to be estimated, the angle-
of-attack dats presented for these tests are of qualitative nature only.

PRECISION

[

The results presented herein are believed to be the true values
given by the model within the following limits:

Spin tests Porce tests
Qy, EETEE v ¢« & v o o o o « o o o a ¢ o s o = 1 +0.5
¢, d-egl.ee . . . . . L] . L] L - . L] . - . . . . il -
Vyopercent . « ¢ ¢« ¢ v ¢ 4 i 4 a0 e e e . X5 . +3
Qy, percent . + 4 v 4 e b e e e s e e s e . s E2 ————
Turng fOr recCOVEXrY « ¢ ¢ o « o ¢ s o« s o o« o i%: -

The precedlng limlts may have been exceeded for some of the spins which
were difficult to control in the tunnel because of the wandering or
oscillatory nature of the spin.

Comparison between model and full-scale spin results (references 1
and 2) indicates that spin-tunnel results are not always in complete
agreement with airplane spin results. In general, the models spun at a
somewhat higher rate-of descent and at from 5° to 10° more outward
sideslip than did the corresponding full-scale alrplanes. The comparison
mede in reference 2 for 20 airplanes showed that 80 percent of the models
predicted satisfactorily the corresponding full-scale recovery charac-
teristics and that 10 percent overestimated and 10 percent underestimated
‘the corresponding full-scale recovery characteristics.
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The limits of accuracy of the electrical-strain-gage measurements
are believed to be as follows:

. -]'—-sca.le model -l—-sca.le model
12 20

CL, o & ¢ ¢ ¢ @ o e i vt v o o0 ae +0.023 0.0k

CD + « o o & o« o o o o o o o s o « o o o +0.015 +0.027 _

Com o« ¢ ¢ o o « o o o o o o o o s o o o @ +0.007 +0.021

As has been explalned previocusly, the glide data presented herein
are considered only qualitative because the attitude of the model could
not be measured accurately.

The accuracies of measuring the weight and mass distribution of the
model are believed to be within the following limits:

Weight, percent . . . . « . .« . P = |
Center-of-gravity location, percen T o « o o a o o o s o o ¢« o « o *1
Moments of inertia, percent . . . . .

« s s s e s e s e s s e e 5

Control settings are made with an accuracy of #1°.
TEST CONDITIONS

Tests were performed for the model conditlons listed in table II.
For all tests, the landing gear was retracted and the cockplit was closed.
The mass-distribution parameters for the loadings tested on the model are
tabulated in table III and plotted 1n figure 5. ’

The maximum control deflectlons used in the tests were:

Rudder, gdegrees:
Right &« & &« ¢ ¢ ¢ ¢ ¢« ¢ & o« o« o o « o o s a s =« s s s o« s o &« 30
Teft & & 4 ¢ o o o ¢ o o o s & sne o 8 s e 8 o e = e s s s o a 30 -

Elevons, degrees:

As elevators,
UP ¢ ¢ 4 v o o o o o o o = o o o o a o s « s s o s & a s « » 20
DOWRL & ¢ o « o o « o o s o o o s s » o o o o s s o o o s s 20

As allerons, '
UP ¢ ¢ o ¢ o o o o « o o s « s « s s o s o s a s « 2 & o o @ 15
DOWIL &« o o « o o o o o o o o o o e o & o« s o« o s o a o o & « 15
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The same maximum control deflections were used for all the various
vertical-tall configurations tested. Figure 6 shows the angular deflec-
tilons of the elevons plotied against stick position.

The force tests were made at a g of 7.9 pounds per sguare foot
with a corresponding Reynolds number of 0..45 X 106 for the é%-scale model.

For the force tests on the fa-scale model, q varled from L.2 to 5.3 pounds

per square foot, the correspoﬁding variation in Reynolds number being
from 0.53 X 106 to 0.59 X 10°. The tunnel speed (and the Reynolds number)

had to be reduced at the higher angles of attack for the fé-scale-model

tests to prevent the model from vibrating. The turbulence factor of the
gpin tunnel is 1.8. No tunnel-wall or blocking corrections have been
applied to the force data because of the small size of the models relative
to the diameter of the tunnel.

DISCUSSION

Single~Vertical-Tall Configuration

Spin tests.- The results of the spin tests for the model with the
single~vertical-tail configuration, which was loaded to represent an
assumed normal loading for the corresponding full-scale airplane, are
shown in chart 1. For this loading the center of gravity was positioned
at 24 percent—of the mean aerodynamic chord, and the inertia yawing-

moment parameter EE———EX and the relstlve density were equivalent

. " mb<. ’
to -T54 x lO‘h and 21.93, respectively (model loading 7 in table III
and flg. 5). Ae is shown in chart 1, the model would not spin for any
control configuration. For the normel-contrdl configuration for
spinning (elevator up, allerons neutral, and rudder full with the spin),
the launching rotation was expended rapidly but the model appeared to
remain In a flat stalled glide. When the elevator and allerons were
neutral, the model dived vertically, and when the elevator was down the
model pitched inverted. With the aillerons set full against the spin, the
spinning rotation Imparted on launching was damped very rapldly and a
rolling oscillatlion started which increased in magnitude until the model
rolled continuously ebout the longlitudinal body axis. The angle between
the longitudinal body axis and the air stream usually appeared to be well
above the stall angle when the elevator was up, neutral, or down. With
the ailerons set at one-third of their full deflection against the spin,
the rolling motion was again evident, commencing simultaneously with the
cessatlon of the forced-spin rotation. Strip-film motion-picture records
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showing the cessation of the hand-forced-spin rotation and the ensuing
rolling motion are shown in figure 7. When the ailerons were set with
the spin, the results were similar to those obtained with the ailerons
at neutral. ’ .

The effects of varying the relative density and the mass distri-
bution, the center of gravity being held constant at the normsl position,
are shown in chart 2. As can be seen from this chart, there 1s a region
in which the model did not spin which extends from a value of the inertla
Yawing-moment parameter equal to somewhat less negatively than -450 x 10-

to a value somewhat greater negatively than 750 X lO‘h; however, the
model still appeared to remain at sttitudes above the stall for all
elevator-up settings and all alleron-against settings after the launching
rotation ceased. When the value of the lnertia yawing-moment parameter

wa.e increased to aﬁproximately -TO X lO‘h or decreased to approxi-

‘mately -1000 X 10~%, splns were obtained usually when the allerons were

set against the spin; decreasing the value of the inertia yawing-moment

parameter to approximately -1500 X lO‘h led to spins when the silerons
were neutral as well as when they were agailnst the spin. The spins
obtained were generally flat and the reversal of the rudder was generally
not effective in terminating the spin rotation if the allerons were even
partially against the spin. Splins obtalned with ailerons neutral could
be terminated by rudder reversal. The data presented in chart 2 indicate
that there was little difference -1n the results obtained for the .three
values of relative density tested.

In order to terminate the rotation of the apins obtained with the
allerons either partilally or fully against the spin, recoveries were
attempted by moving the allerons from agalinst to with the spin, rudder
and elevator remaining fixed at their initial settings, or by simul-
taneously reversing both the rudder and elevator, the ailerons remaining
fixed. The results of these temis, presented in table IV for a few
representative loadings, indicate that reversal of both rudder and elevator
was not effective in terminating the spin rotation, whereas movement of
the ailerons to full with the spin was effective. The results indicated
that, although movement of the ailerons partially with the spin would be
beneficial, in order to insure termination of the spin rotation for all
loadings the ailerons should bPe moved full witkh the spin. It appears
that within the range of loadings tested, the allerons instead of the
rudder and elevator will be the most effective controls for terminating
the spin rotatlon of airplanes corresponding to the model tested.

Comparison of the results of tests presented on charts 3 and k,
with those presented on charts 1 and 2 shows the effects of moving the
center of gravity rearward from normal to 30 and 35 percent of the mean
serodynamic chord. These tests were conducted at two mass distributions:
a mass distribution for which no spins had been obtained at the normal
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center-of-gravity location and a mass distribution for which the model
exhibited strong spinning tendencies at the normsl center-of-gravity
locatlon. When the center of gravity was moved rearward the model spun
when the ailerons were placed against the spin, but the model still
registed spinning when the aillerons were placed with the spin. As had
usually been the case when spins were obtained at the normal center-of-
gravity location when the ailerons were against the spin, rudder reversal
was agaln ineffective in terminating the spin rotation; and, although
not specifically tested for all .conditions, it appeared that movement

of the ailerons to full with the spin would have been effective in
damping the spin rotation. Thls conclusion was based on the similarity
of the spin characteristics for these tests and for those conducted at
the normal center-of-gravity location. (See table IV.) For those

control settings for which the model did not spin, or for the spins
which were terminated by movement of the controls, the model generally
appeared to remain above the stall after the termination of the rotation.
As is indicated in charts 3 and 4, when the center of gravity was at .
30 percent of the mean aercdynsmic chord, the elevator had to be set
to 10° down before the model was observed to dlve out of its apparent
flat glide, and when the center of gravity was at 35 percent of the
mean serodynamic chord the elevator had to be set at 60° down in order
to make the model pltch to an unstelled attitude.

Static-force tests and glide tests.- The béhavior of the model used
in this investigation during 1lts recovery from a spln was different from
that of a conventlonal model. Generally, the attitude of a conventional
model steepens as the rotation slows down after movement of the controls
for recovery so that the model 1s almost vertical by the time the rota-
tion has been terminasted. The attitude of the model used in this
investigation did not begin to steepen until after the rotation bhad been
terminated and the model had begun to glide. The flight of the model
could be cbserved for a time duration corresponding to about 2.5 seconds
on g full-scale sirplane from the time the rotation was terminated until
the model struck the safety net, so that a very slow change in attitude
from a flat stalled to an unstelled angle of ettack would not be
observable in the tunnel, and the model would thus appear to remain at
ite initiasl highly stalled attitude. Accordingly, force tests were
conducted to determine the trim attlitudes that might be experienced by
a delta-wing eirplane having design characteristics similar to the model
tested for the range of center-of-gravity positions investigated in the
spin tests. As previously indicated, force tests were conducted on

the és—scale_model used for the spln tests. DBecause the pitching-moment

data derived from the é%-scale-model tests were of about the same order

of magnitude as the precision of the measurements, force tests were also
made on a larger model which was available and which was considered to
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be a i%-acale representation of a corresponding full-scale fighter-

type airplane. A comparison plot of the aerodynmasmic characteristics in

pitch of the ]:_L—E-Bcale and é‘—o-scale models and of a full-scale airplane
rreviously tested by the NACA, which airplane is generally similar to

the models tested,.is shown in figure 8. As can be seen from this figure,
the pitching-moment curves of the full-scale alrplane and the two models

show general agreement, although the trim angle indicated by the 2\io-sca.le

model differed somewhat from that indicated by the fulli-scale and lie-sce.le-

model dats. The greater portion of the force data presented in this paper
is for the l%-sca.le model inasmuch as the pitching-moment characteristics

of this model were somewhat more like those of the full-size airplane.

Flgures 9 and 10 indicate that the ]%‘a--scale model will not trim

above the stall for neutral or down positions of the elevators even when
the center of gravity is as far rearward as 35 percent of the mean sero-
dynamic chord. When the center of gravity is at 35 percent of the mean
aerodynamic chord, the model 1s approximstely neutrally steble. Inasmuch
ag the slopea of the pitching-moment curves are rather flat, particularly
when the center of gravity is rearward of normal, a corresponding full-
scale airplane might be expected t0 be slow in changing attitude from &
high stalled angle of attack to zn unstalled condition for rearward
positions of the center of gravity. This expectation ie borme out by

" the 'results of ‘the spin tests of the %—scale model.

Because the é]E—)-scale model traversed only a relatively short

distance during the ensuing glide after the terminastion of the spin
rotation (usually about half the dlameter of the tunnel), a few glide
tests were made so that a greater portion of the glide could be observed
by permitting the model to glide all the way across the tunnel. The
results of these tests are presented in figure 11 and indicate that the
rate of change of angle of attack from an initisl stalled condition to
an unstalled attitude was rather slow when the elevator was neutral and
the center of gravity was at 30 percent of the mean serodynsmic chord.
When the elevator was up, with the center of gravity at 30 percent T,
and when the elevator was neutral or up, with the center of gravity .

at 35 percent T, the glide data indicate that the model tended to trim
above the stall. These results are generally conslstent with those

.
predicted by the ]_;E-sca.le-model force data.

\
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It appears from the test results that although a delta-wing-airplane
configuration similar to the models used for thisg investigation will
probably not exhibit any trim conditions above the stall unless the
elevator 1s up or the center of gravity is so far rearward that the air-
plane is almost neutrally stable, the rate of change 1n angle of ‘attack
from a high stalled angle of attack to an unstalled attitude may be
slow.unless the center of gravity is maintsined forward of approxi~
mately 25 percent of the mean aserodynamic chord. In addition, there is
the possibility that the stick force required to move the stick forward
to or beyond neutral when the alrplane is at a high stalled attitude may
exceed the pilot's capabllities, and it may be desirable to install a
boost apparatus in the control system to asslst the pllot in moving the

controls.

Multiple-Vertical-Tail Configuration

In order to determine the effects of other vertical-tail configura-
tions on the splin and recovery characteristics of designs of this type,
the model was tested with several dual-vertical-tail arrangements. For
these tests small dual vertical talls were added at the wing tips of the
model, the center tail being retained, and, in addlition, the model was
tested with the single vertical tail removed and two larger sets of dual
vertical tails alternately added to the wing tips. These tail arrange-
ments are shown in flgure 2. The small dusl vertical tells were not
tested alone because they were considered inadequate to provide the
desired amount of directlionsl stability, whereas the other two larger
sets of dual teils were deemed capable of providing & dlrectionally
* gtable aircraft. The results of the tests are presented on charts 5 and 6.
The tests were conducted at two loading condltions, one with the center

of gravity at 30 percent of the mean aerodynamic chord (loading 15 in
table IIT and fig. 5) and the other with the center of gravity at 35 per-
cent of the mean aerodynamic chord {loading 16 in table III and fig. 5),
with moments of inertia .corresponding to those tested at the normal
loading. The results wlth the single vertical tall installed showed that
the effects of moving the center of gravity rearward from normal (moments
of inertia maintained at their normal values)} were similar to the effects
obtained by increasing or decreasing the value of-the inertia yawing-
moment parameter from normal. It ls expected that somewhat similar
effects may exist with the multitail arrangements instslled on the model.
Thus it appears that the results of tests at the two center-of-gravity
posltions investigated may give a general indication of the results that
_might be expected at other mass distributions.

As 1s shown in chart 5, when the center of gravity was at 30 percent
of the mean aerodynamic chord, all the multitall arrangements contributed
sufficient dsmping to prevent the attaimment of-a condition of spin
equilibrium for all control settings except the normal spin-control

——
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configuration. The results indlcated, however, that reversal of the
rudders alone would terminate the spin rotation for this spin. When the

- center of gravity was moved rearward to 35 percent of the mean aero-

dynamic chord, however, the small-dual- and single-vertical-tail combins-
tion did not appear to terminate satisfactorily the spin rotation for

the criterion spln-control configuration by reversal of the rudders,
whereas the two large dual-tail arrangements were still generally
effective in terminating the rotation. The results indicate that the
large-dual-vertical-tail arrangements were more effective in damping the
spin rotation than the combination of small dual tails and single center
tail, or the single vertical tail alone, and, further, that with either
of the large-dusl-vertical-taell arrangements installed (22 and 27 percent
of the wing area, respectively) the spin rotation could be terminated by
reversel of the rudders. Addition of the dual vertical taills, however,
did not eliminate the undesirable characteristice In pitch for rearwarad
positions of the center of gravity.

CONCLUSIONS

Based on dynamic and static tests of 60° delta-wing models, the
following conclusions for a sgimilar full-scale airplane are made:

1. Spins obtained will generally be flat and reversal of the rudder
will generally be ineffective in terminating the spin rotation. Use of
twin vertical tails of sufficlent size will be effective in stopping the
spin rotation but the sirplane may tend to remain in a flat stalled
attitude and it will be necessary to move the stick forward of neutral
in order to pitch rapidly to an unstalled attitude.

2. In general, moving the gallerone to full with the spin will be_
the most effective control movement for terminating the spin rotation.

3: Spins may not be obtained for a range of values of the inertia
yaving-moment parameter extending from approximately -450 X 10‘4 :
to =750 X lO'h.

k., Rearward positions of the center of gravity will increase the
likelihood of obtaining spins and will require larger elevator-down

settings to pitch the airplane rapidly to an unstalled attitude. Fog
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satisfactory longitudinal trim characteristics, it appears that the
center of greavity should be maintalned forward of the 25-percent station
of the mean aerodynamic chord.

5. There will be little effect on spin and recovery characteristics
of changes lin alrplane relative density.

Langley Aeronautical Laboretory
Wational Advisory Committee for Aeronautics
Langley Air Force Base, Va.
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TARIE T.- DIMENSIONAL CHARACTERISTICE OF THE MOIRL

[Moflel values are presented ip terms of full.scale valnesd)

fmal)-dual-vertical-tail] Madium-dnal- Large-dnmal.
Stogle-vertleal- |ong gingle-vertical-tail] vertical-tail | vertical-tail
tall, configmation configurations configuration configmration
Length, over all, ft 11,37 ba.37 11.37 b1.37
Wing: \
Bpen, 4 29.h2 22.83 20,83 22,83
Ares, aq % 375.0 366,k 366. 4 366. 4
Modified Modified Modified Modified
Bectlon, parallel to elrplane cemter Line | gyny 65(06)-006.5 | ACA 65(cg)-006.5 HACA 65(06)~006.5 | FACA 65(n6)~006.5] -
Mean serodynamic chord, £t 16.99 16.99 16.99 16.99
Leading sdge ¢ behind apex angle wing, in. 101.98 101.98 101.98 101,98
Swespback of leading edge of wing, deg 60 60 &0 60
Tp chord, in, : 0 68.8 68.8 68,8
Root chord, in, . 30%.8 305.8 305.8 305.8
¥Wing dlhedral, deg 0 0 0 0
Aspect ratio _ 2.32 L.he 1. 1.h2
Distance frun 2k percent ¢ to alevon .
hinge, 10.53 10.53 10.93 10,53
Distance rrcm 2 percent ¢ to rudder
binge, £t . 11.86 813,h8 15.66 18.33
Taper ratio 0 0.224 0.224 0.224
Elevon:
Chord behind hinge 1ins (constanmt), in. b " 3hh 3h.h b4
Area of esch elevon behind hinge line, sq £t 33.2 25.7 5.7 25,7
Vertical tail: )
Total arsa, 6q ft a7 Tt g1.2 100.35
Rudder area behind hinge line, ag £t 13.4 8124 o1k 2.8
Chord behind hinge line (constant), in.’ 19.2 21.0 £0.0 20,0
Aspect ratio 1.15 1.0 1,58 1.73

Bnimengions given for dual-vertical tails.
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16 . NACA RM IOLO6
TABLE II.- TABULATIOR OF TESTS MADE ON MOIELS
' (a) DYRAMIC TESTS
Loading EKLE-II " x/T Model configmation Data presented in -
il
. 8pin tests on %—ae&le nOdel - recovery attempted by full ruddsr reversal
T -5k % 10-4 21.92 0.240 Bingle vertical tail Charts 1 and 2
2 -kse 15.10 .2k Single vertical tail Chart 2
2 -T72 15.00 .28 Single vertical tail Chart 2
i -999 13.00 | .253 Single vertical tail Chart 2
-1524 1%.10 .239 gSingle vertical tail Chart 2
5 -=T6 22,20 249 Bingle vertical tail Chart 2
6 4ol 22,20 .248 B8ingle vertical tail Chart 2
8 -1008 22.80 .255 Single vertical tail Chart 2
9 -1565 22.60 .251 Single vertical tail Chart 2
10 -70 30.20 235~ Single vertical tail Chart 2
n ~hgo 30.30 2240 Bingle vertical tail Chart 2
12 761 30.30 21 Single verticel tail Chart 2
13 -1021 30.30 .236 Single vertical tail Chart 2
1k -1h31 30,20 .20 Single vertical tail Chart 2
13 ~Tho 22.90 .300 Single vertical tail Chart 3
16 ~697 22.90 .350 gingle vertical tail Chart 4
17 -Lul2 15.00 .350 fingle vertical tail Chart &
15 ~Tho £2.50 .300 Sma}l dual vertical tails } Chart 5
16 - 22,90 350 plus single vertical tail Chart 6
15 o7 22.90 .300 Medium dual vertical tails Chart 5
15 ~Th9 22.90 .300 Iarge dusl vertical tails Chart 'S
16 - 22.90 +3%0 Medium dusl vertical tails Chart 6
16 =697 22.90 .35 Large dual vertical tails Chart 6
i Glide tests on 2%-;&11«; model
15 -7h9 % 10-% 20,90 0.300 Single vertical tail Figure 1L
16 - 22.90 .3%0 gingle vertical tail Figure 11
Ix ~ L - Controls moved | -
Loading -Z—Inba 1 x/T Model configuration for Tecovery Data presentsd in
Spin tests on ;‘—o-ags.la nmodel - recovery attempted by control movement indicated
.14 -143 x 10~% | 30.20 0.2h0 Rudder and elewator
L -1524 15.10 .239 Allerons
10 =TO 30.20 -235 y Allerons
13 -1021 30.30 .235 Single ve:_rt;:l.ca.l tall Alerons Table IV
14 ~1h31 30.20 240 Allerons
15 ~Thg 22.90 .300 Ailerons
(b) STATIC TESTS
i Elevator Alleron Rudder
Vertical-tail xfz | Y091 sotting, 8, | setting, Ba| setting, By | Data presented | Deta presented in -
conflguration acale (aeg) ° (deg} (aeg) .
1;20 o 1] o . Fisurg sm 9
1/12 o] [»] o Figures 8 &
0.240 | 1915 20 o o Ors CD; Cm Flgare §
1/12 -20 0 o Mgure §
Single vertical tail
240, 1/12 -20 0 o Figare 10
-300| 12 o ) o o Figure 10
.g;o 112 20 . o 0 Figare 10




TABTE ITI.- MASH CHARACTERTSFICS AND THERYTA FARAMETERA POR VARIOUS

mmmm%mm

E&ndﬂ. values gre presanted in terms of fullwscale valued; moments of insrtis are glven
abourt center of gravity; mefel ia.in clean condition|

‘Relative sirplane | Center-of-gravity Mamanie of inertia Inertis parametars
fouting | Velet denalty W location (alug-foet®) .
Y paweot| we | e | ow | on | om | BT RSB Bk
1 8,019 | 9.h9 15.10 .20 | o.om | 6,28 16,009 | 20,502 | -h5e x 1ozh | -207 x 0% | 659 x 10°%

2 8,002 9.7 15.06 1 248 .013 2,3qi 18,914 | 20,597 -T2 -7k 8hs
3 7,960 [ 9.4 | 15.00 253 | .03 | 2,7k | o157 | 25,330 | 9% 5 109
H 8,0k 9.53 15.10 .239 03 2,619 35,821 | 36,737 | -1524 ] 1566
5 11,80 | 13.98 22,20 2% | .037 | 15,90 | 18,301 | 32,83k 76 -k57 533
3 1,8k | 100 | 22,20 2oh8 | .05l | 8,825 | oh M7 | 3L,k0 | WL ez atl
7 1,668 | 13.80 .93 240 | .ol | 3,98 | e7,610 | 29,557 [ -pb -67 am
8 12,068 | 1o | 20,80 233 | 066 | W92k | 3,909 | do,68 | 1008 83 1091
9 .| 12,000 | 20| e0.0 2m (.00 | 3,19 | 55,900 | 97,756 | 1565 5T 1602
10 16,08 | 19.00 30.90 .835 .056 | 21,80k oh,92k | h3y,01h =0 . -h39 %00
11 6,132 | 19,10 | 30.% 2h0 | .obo | 12,636 33,566 | U3,917 =h8o- | -em 781
12 16,196 | 19.10 30.% Jal QKT 5,896 38,902 | ha,201 -TeL -76 837
13 16,115 | 19.05 30.30 236 043 9,606 +| Yo,ol | 53,123 | -logl =13 1ogk
1k 16,099 | 19.00 30.20 .B%0 oh8 | 3,088 | 64,935 | 653,303 | -l -9 14%0
13 ©12,178 | 1k | | 22.90 .300 | -.0002 | h,013 28,539 | 30,330 -Thg -85 8oL
16 12,175 | 1k.ho 28,00 +3%0 009 ,002 6,826 | 28,60 597 53 T2
17 7,9T™ | 9.4k 15.00 .350 ok2 | 2,600 | 33,800 ) 34,900 | -1bke S5 1hg3
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241lerons reversed to only 1/3 with the spln.

Loading Iy - I Center of Initial Initdal Inltdel
(5es table TIT Sl 4 gravity u aileran elevator rudder Turns for recovery
and fig. 5) xb? xfE satting petiing getting
Mileron-reversal tests (allerons reversed to full with the spin wnlass ctherwiss noted)
L -192% x 10~ 0.239 15.10 1/3 against 2/3 up full with 3/k
10 7o .235 30,20 full agalnst neuteal full vith 15,' 13
10 -0 235 30,20 full against full up full with 2
20 -T0 .235 30.20 _ 1/3 againat 2/3 wp full with 1fa, 1/2
13 -2t 236 30.30 1/3 agalnst 2/3up full with 1/2, if2
1k -1h31 .oko .30.20 £ull agninst full op full with 2%, 2%
14 —Lh3l .2 30.20 full egainst neutral full with 2%, 2%
14 -1h31 .2 30.20 1/3 dgainnt 2/3 up full with 1%, 1%_
1% -3 .2h0 30,20 1/3 against fall yp full with 1/2
14 1% 20 30.20 nentral neutral full with 1/2, 1/
14 -1131 .2k 30.20 1/3 agalunst 2/3 w full with ap, a3, 53_:5
15 -Thg +300 22,90 1/3 against 2/3 up ful1 with 1/e
15 -T4 .300 22,90 1/3 sgainst Tull op foll with 1
Bimitanecus rudder- and elevator-reversal test (rudder and elevators revirsed
] to full egeinst the spin and to full down, respectlvely)

14 -3 - 30.20 1/3 against full up ' full with o
14 ~1431 .2h0 30.20 1/3 againet 2/3 up full with =

8t
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[m;-;mummmnmn5(k;%l-%xw;u-u.m);mhmmmm:m1mummm

T1x0) full with the divection of Totation) rotation to pdlot'a right

¥

Ko spin) lesnching rota—
tlon dampe in eppro—
mtely & turna) model
rolls cootimacuely with

Aﬂm-;—

Elsvrator fall up

tulinal body axls ina
flnt abkitodo,

of ppin »otation and than
flabhony ok ns it rolls
with the milarous.

1]

%o spin; lewahing roba—
bian dewps in approci—|

fell vith

mioly 5 trrne; modal
dives wioeply,

S ———
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OHART 2(a).- SPIN OHARAGTERISTICS OF !!!! !& A LARGE RANGE OF INERTIA PARAMETERS AND _
RELATIVE DENSITIES; SINGLE VERTICAL TATIL INSTALLED AND CENTER OF GRAVITY AT 2i PEROENT o

E..oading a8 indlcated; model launched in an erect attitude with rudder fixed full with the
direction of rotation; recoveries attempted by reversing the rudder from full with teo full B

against the spin unless otherwlse indicated; rotation to pillot's right. For ocontrol
oconfigurations for which "No spin" recorded, see chart 1 for desoription of model motion

after launching rotation expended]
X = Iy = 76 -4, 4 = 22.20
__E;E__ 76 x 10 ,/A( .
{Loading 5 in table III and fig. 5)

Ft)
[ n
g 5 t
R g8
< —Ap
192 lo.32 Two types g of sgpin o lapin No |spin
a .
oo R
2 192 10.21 No |epin
Elevator 3 up N -
oQ &
,é. .
&
o
@
b
«Q
g
70 v
198 0‘30'. Allerons full against No |epin Allerons full with No |spin
a .
4,00
g
©
g
o
I3
@
par
Bl
No |spin No |spin Ho{spin
2 a ¢
Saudder reversed from full with to 5 asainet tdeg) | taeg)
the epin. Model values 7 o
converted to
corresponding (fps) [ (rps)
full-scale values.
U lnner wing up Turns for
D inner wing down recovery
o= greater than 10 turne



NACA RM L9LO6

CHART 2(a).- SPIN CHARACTERISTIOS OF MODEL FOR A LARGE RANGE OF INERTIA PARAMETERS
AND RELATIVE DENSITIES; SINGLE VERTICAL TAIL IRSTALLED AND OENTER OF GRAVITY
AT 24 PERCEKNT © - Goncluded ‘

Ix ~ Iy _ It

; A4 = 30,20
b2 -/‘/
(Loading 10 in table III and rig. 5)

-70 x 10~

]
g 2
78 | 2u !
¢ to
= ] . N
22110.41 < kb No }jepin ) Yo |spin
Py -
o 73 | ep
2 216 fo.41
Elevator % up
’ [ a
OO g
- + :
| &
' 5
1 a
{ >
~
] =]
|
ey | 10 § .
Allerons full | against Allerons full with
216 |[o0.40 N No | spin ) Ko |epln
a ) i ’
|
|
l :
-]
‘ 5
| i
' 5
l o
o
i H
-
I &
i
No |spin No|apin Ho |epin Nojspin

®Rudder reversed from full with to %against -3 ¢
the spin. . . (deg!) | (deg)
! Model values ’ v a
converted to fos)
corresponding (fps trpa)
full-scale values. .
U inner wing up : Turns for
D inner wlng down - recovery

L) Eeater then 10 turns -
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OHART 2(b).- SPIN OHARACTERISTICS OF MODEL FOR A LARGE RANGE OF INERTIA PARAMETERS AND _
RELATIVE DENSITIES; SINGLE VERTIOAL TAIL IKSTALLED AND CEKTER OF GRAVITY AT 24 PERCENT &

E..oa.dﬂ.ng as 1lndicated; model launched in an erect attitude with the rudder fixed full wilth the

direction of rotation; rotatlon to pllot's right. For-confilgurations for which "No spin”
recorded, see chart 1 for description of model motion after latnching rotation expended

Iy -1 - >

X Y = .y N = 2 .

= 52 x 107 ';_4 = 15.10 (loading 1 in table III and fig.-5),

Ix - 1y o ~491 x 10'4;/1/= 22.20 {leading & 1n table III and fig. 5), &nd
mb .

I, - 1
X~ ¥ = _hdo x 10™%;_4/ = 30.30 (loading 11 in table III and fig. 5)

L}
m o
g5
5 & .
5 8
No |epin alaly No |spin No| epin
Ko (apin
Elevator -2-} up i
g
-
=
-
£
Q
-~
<
b
al
Allerona :ﬁll ageinst . Allerons full with
¥No |spin No |apin T No| spin
a
2
-]
-
s |
&
w
[-]
el
g
L]
&
Ho apin : No |spin No|apin
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CHART 2(c).- SPIN CHARACTERISTICS OF MODEL FOR A LARGE RANGE OF INERTIA
PARAMETERS AND RELATIVE DENSITIES; SINGLE VERTIOAL TAIL INSTALLED AND
CENTER OF "GRAVITY AT 2% PERCGENT o

[Lotd.ing a8 indicated; model launched in an srect attitude with the rudder fixed with the
directlon of rotation; rotatlion to pllot's right. For control configuration for which
"No spin* recorded, see chart 1 for desoription of model motlon after launching rotation
oxpende&

_Z_IX = Iz _772x 107
mb

IX_;F_IFY = 754 x 10-1‘;/¢/= 21.93 (loa..ding 7 in table III and fig. 5), end

;,'q = 15.00 (loading 2 in table III and fig. 5},

I-"-‘—?»: -761 x 10'“;/7= 30.30 (loading 12 in table III snd fig. 5)
mb’ :
Ty
W @
g 5
5%
No |spin z ¥o |spin Ko|epin
2 No |spin ‘
Elevator 5 up =
—_— -
- &
3
'3
Q
>
o
>
@
]
[
Allerons full agalnst Allerons full with
No |spin i Ko [spin T | Wolspin
g
-
P
a
2
<
e
B>
o
fd
=]
Ne jspin No {spin Ro epin

23
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CHART 2(4}.~ SPIN OHARAOTERISTICS OF MODEL FOR A LARGE RANGE OF INERTIA PARAMETERS AND
RELATIVE DENSITIES; SINGLE VERTICAL TAIL INSTALLED AND CENTER OF GRAVITY AT 24 PERCENT ©

anding &8 indlcated; model leunched in ereoct attitude with the rudder fixed full with the
direction of rotation; recoverles attempted by reversing the rudder from full with to full
against the spin unless otherwise noted; rotation to pilot's right. For control configurations
for which *No epip" recorded, see chart 1 for desoription of model motlon after launching
rotation expende :

g - Iy = g =
XX =999 x 1077 _sgr = 15.00

mb
. (Loading 3 on table III and fig. 5)
FLl
g &
£%
=
Yo |spin < Al No [spin No| spin
72 2D
2 . 166 ; 0.19
‘ Elevator I up o
oo &
! 2
l =
v [~]
el
| o
b
«
| &
a
. | 4o Juw
Allerons full against Allerons full with
Ko |spin( [ 160(0.11 "] No |epin
| 1L
B L'L
| §
I —
~t
1 &
| "
o
bt ¢
of
| g
L]
| =
b 1
58 | e
157 |0.15 No lfupin No| eptn No| spin
Lo
aWﬂ.de radlus spin. a ¢
odel has & whipping motlon as 1t apine. . {deg) | (deg),
CRudder reversed from full with to = against Model values ” o
the spin. 3 converted to (rpa) ;
corresponding P {rps
full-scale values.
U lnner wing up Turns for
- D inner wing down recovery

o ieater than 10 turns . -



OHART 2(d).- SPIN OHARAGTERISTICS OF MODEL FOR A LARGE RANGE OF ‘INERTIA
PARAMETERS AND RELATIVE DENSITIES; SINGLE VERTICAL TAIL INSTALLED AND
OENTER OF GRAVITY AT 24 PERCENT ¢ - Continued

Ix - Iy o - -ll-, =
S 1008 x 107 ; 4 = 22.%0
- (Loading & on table III and fig. 5)

o -
o @
g g
o -t
E &
o o
b JENN
No |[spin -7 a No |spin No|spin
62
6D
2 201 | 0.1
Elevator J Up
—_ e >°6
3
' B
i ~
u &
! 5
l 5
! 5
| ~
5]
i
|
|
1
Allerons full peainst Allerons full with
Nolspin ! No |spin Ho|spln| _
) |
: [
l §
l S
| ~
~t
! &
| £
I a
o]
I 5
] 1}
b a | 1 -
53 |14U
&3 18D 49 | @D
195 10.15 198 | 0.13 ¥o |epin No| spin| -
Ce 1 1
00,25, 3 + 3
aINMoc].el oscillates in piteh. a @
Model oscillates greatly in pitch and roll. {deg) | (deg)
odel in flat attitude when rudder was . Model values ", v
reversed. converted to £ Q
df1de radius spin. 2 corresponding {fpe) | (rps]
€Rudder reversed from full with to = against full-scale values.
3 R U _ inner wing up Turns for
the spin. « e -
. “ D7 lnner wing down ‘recovery

—

NACA RM IOLO6 | .25
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QHART 2{d).- SPIN OHARAOTERISTICS OF MODEL FOR A LARGE RAKRGE QOF INERTIA PARAMETERS AND
RELATIVE DENSITIES; SINGLE VERTICAL TAIL.INSTALLED AND OENTER OF GRAVITY AT 2h
PERCENT ¢ - Ooncluded

Ix - Iy = -1021 x 107%,; A= 30.30

mb .
(Loading 13 on table III and fig. 5) p
w o
§ 9
&8
-
Ro Fp:.n Yo | spin No |spin
78 1D
2 166
Elevator 3 up Y

————t ~

g
~
d
-~
8
g
~
=] -

Allerons full agalnst Alilerons full with

No |spin Fo ispin No |spin

-
—
a

' f
o
Y
]
»
L
—
=

No |spin No | spin Neo |spin

a ®
e
SRudder reversed from full with to 3 agalnst - tdeg) | (deg)
the spin. Model values v a
converted to ttea) | trps)
corresponding P p

full-scale values.
U inner wing up Turns for
D tinner wing down recovery

. [7,=] ﬁeater than 10 turns
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CHART 2(e).- SPIN OHARACTERIST : OB A LABRGE RANGE OF INERTIA PARAMETERS
RELATIVE DENSITIES; SINGLE VERTIOAL TA 'ALLED AND CENTER OF GRAVITY AT 24 PERGENT

[foading as indicated; model launched in an erect attitude with the rudder fixed full with the
direction of rotation- recoveries attempted by revereing the rudder from full with to full
agkinst the spin unless otherwise noted; rotation to pilot's right. For control configurations
for which “Ko sp recorded, see chert 1 for description of model motion after launching
rotatlon expendsa

Ix - Iy - ~it,
= -152% x 10 = 15,10
2= 4

(Loading 4 in table III and fig. 5)
Two conditions possible

Fey
a w
g 3
82 |11D a 5)
[ -]
4
No [spin| 160]0.33 ey No |epin No | spin
g
oo 66 | 2p
3
2 154 0.12
Elevator % up B &
. ’ o
-
1 2
I 5
1 ]
s
| ~
| =]
a | d,e
) TU
g2 90 | 79 |1dp .
T Ailerons full against : - Allerons full with
154 0.30 | 173 |0.11 . No apin
i
r 1
oo | z
]
| a
| 3
-]
l ~
. -t
] &
l )
t a
5
I = :
| %]
b i
20} 11U
75 113D
157 | 0.14 Yo | spin ¥o | epin) ¥o [epin
a,f
oo, 12'
:Model has periodic oscillations in roll. e ¢
Model oscillates greatly in pitoh and roll. | tdeg) | tdeg)
®Rudder reversed while model in flat attltude. ::::i:-::gu:: v a
e'1d° radius :pin. . correspondling {fps} (rps)
andering spin. h to 2 inst full-scale values.
Rudder reversed from full wift 3 agains U inner wing up Turnd for
the spin. . . D inner wing down recovery

ﬁ ireater than 10 turns e T
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OEART 2(e).- BPIN CHARAUTERISTICS 0! I!!!! I! A LAROE RANGE OF INERTIA PARAMETERS

AND RELATIVE DENSITIES; SINGLE VERTICAL TAIL INSTALLED AKD CENTER OF GRAVITY
AT 24 -PERCENT © - Oontinued

Ix - I¥ = _1565 x 107%; = 22.60
—-;b_z_ 5 5 "4
{Loading 9 in table III and fig. 5)

Ro | spin] No | spin No |spin
5
~
~
a
: [
(=]
®
b
o
]
sl
-3 b,0
gu
ah | 14D 61} 2D
z Aillercna full agalnet Allerons full with
1ge [0.33 . 20k | 0.22 Ko |spin
1 1
o . El 7 1'[[
]
)
3
~
—
&
r-.
(=]
Fr)
o
5
=
a
4z | &vU
67 110D
211i0.14 , No |spin No| spin
1, 18, 1
%cdel has pericdlo osoillations in roll. - 3
byige radius spin. tdeg) | taeg)
:Wanderipg epln. Model values v o
t i 4 roll. converted to
Model oscillates greatly in pitch an corresponding (fps) | trpa)
: full-ascale values.
U lnner wing up Turns for
D inner wing down recovery

ﬂter than 10 turns i
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OHART 2(e).- BPIN OHARAOTERISTIOS OF MODEL FOR A LARGE RANGE OF INERTTA PARAMETERS
AND RELATIVE DENSITIES; SINGLE VERTICAL TAIL INSTALLEE AND CENTER-OF GRAVITY
AT 24 PERCENT © - Conocluded

&

223

-]

P

Elevator 2 up
_L— c

5D

X-Ir. -1431 x 10“"";/4(2 30.20
{Loading 14 in table III and fig. 5)

Allerons

74+ | 1D

229 | 0.34

Allerons full against

L[]

Elevator full up

No

spin

a\(andering spin.

After recovery from right spin, model goea
inte left spin.

SRudder reversed from full with to

spin.

Allerons full with

No

apln)

Elevator full down

0.17

Model values

% against the converted to

corregponding
full-scale values.
U 1ilnner wlng up

D inner wing down

oo ieater i 10 turns

No

spin

Ko

epin

e &
t{deg) [ (deg)

v
(fpm}

1]

(rps)

Turns for
recovery




CHART 3.~ SFIN CHARACTERISTIOS OF MODEL WITH THE CEMTER OF GRAVITY AT 30 FEROENMT o; SINGLE VERTIOAL TAIL THSTALLED . )

o€

[Loading 15 in table III and rigure 5 (E’C':TFT = b9 x 10‘4;;/: 22.90); model launched in mn ersck ettituis with the rudder
1

full with tha directlon of rotation; rotation to pllot's right. MNodel values converted to Mmsmndm (d.gg)
full-scale valuas. U inner wing up; D inner wing down; oo greater than 10 'su:muj — v Egﬂorilr)—
(rps) (fps) ,,p:; e

Mrne rar reeovery DY
full rudder reversal

¥o spin; launching rotaticn &0 1180 + 1gpunch damp in; launching rotation dampa
Elevator | gamps ih approximktely 12 tums;| | 2 | 20 | odal ‘uscillates D imatoiy E uras: model | fn 1 tumg Hodel enters a flet
full up » 11y in AppIo. aly maj; L} 3
—— ¥ .]aodel rolls nuntimmusli with | Pi‘tm’nh Fnda _ _binters a flat stalled glide and talled glide and beglns turning
- | the ailerons about the L c.22|20% | P . AT - urne slowly to right, osollla- o the left bafors striking
:%f&té&}ebod: axis in a fla o :;gﬂd o 3 againet ing in pltch as it glides, afety net.
; : ! i !
Elevator ! 1
: 2 o ¥ |28 Hodsl ogaillates in ‘I [
7 ra pitoh, an 1
I[ 0.21|20% ywe'ﬂuddlr'r!ﬂrnd. : |
| s to = against mpin, | |
| 2 1 1
I : 't ! . L
%o spln; lawnching rotation 1hd | eU . 1aam
tior danps iﬁ approximetely & turns; &0 50 | ¥odel osolllatas in No spin launching rotatlon Ko spin; mﬁtﬁt‘”‘;ﬂ .
eytzal | oafy ralls continuously with & 1tch mnd soins with damps out in lppmx:l.nta]i 5 dewps in approx y 3 turns;
31 bout the longl= - | oot and =p -~ turne; model enters a fla |- model enters a flat stalled gl
| the ailerons abou in & fin 0.1 E‘“’ radtus, glide. and beging turming to ths left
E%%i‘“‘.ﬂa“”d’ axle a t bafors atriking safaty net.

Elevator No spin; after launching
5° down ' | rotatlon daxips, modsl entsrs
————! & flat glide.

Flevator | go gpin; after launching .

10° down rotation damps, model goes
~——————= Into a dive.

b e e .  —— et —— — — —— ———

Elovator — "
2 | ¥ i
T dqvm Large radlus sply, 1
—t Hodel osglllates in |
0.1%{204% | pitch and venders. I -
' &
1
Elevator | ¥ spin; launching rotation No spin; launching rotation No spin; launching rotation >
full dowp | 382P8 in approximately & Fwne; dawps 1n mpproximately 5 turna; damp R out in apprgxilntolv 3
2= ZOWR model enters steep dive then i T T del ent t dive; -
flattens and starts to Toll :g“ inrerted. sheep dive; ;;mﬂ-; modsl entera a stasp
. va.
e Rl " o
- % T 5
H1crone 3 ot f ! B
full againat - Atlerone Allsmons b o

neutral full with




full with the direcbion of rotation; recovery attampted by reverelng the prudder from
unless otherwise noted; rotation to pilot's right.

CHART 4(a).~ BPIN CHARAOTRRISTICS OF MODEL WITH CENTER OF GRAVITY AT 35 PEROENT G; SINGLE VERTIOAL TAIL INSTALLED
Ix - T
[guaaing 16 1in table IIT and figure 5 (—EEEE-I = 697 x 10‘“;,4/ = 22,90); model launched in an ereot attituda with the mugder

U’ inner wing up; D inner wing down; oo greater than 10 tumi]

full with to full against the spin

Model values converted to corresponding full-scale values.

del epins in very flat

No spin; launching rotation damps in

go U No apln; launching rotatlon demps in
EH“O" 97 :E,ED ttitude and cacillates approximately 6 twrns; modal enters & approxinately 4 turns; model enters
up . greatly in roll, Slight -~ f1at stalled glide of large radius; -~—-a flat glide and begina turnlng te
0.34] 197 [itohing osclllatlons alsa model oscillates in piteh during the the left before atriking safety net.
oo present. gl1da. .
T T
| |
< a lglol‘ %%’ Model osclllates greatly | | !
Elevator 7w in pitch and vandcrs. I i
- 0.11 201 | Rudder reversed %o g I !
. 7, oo sgainat apin. : ' t
} * ' [
- l 1 ,
: 80 | ou 1} ¥o gpin; launching rotation damps in No spin; launching rotation dampa in
Elavator &7 6D | Flat steady spin with only m,f.’;,j}nmy 5 t%rng; model enters e upproxﬁn_tely I turns; model enters a
nsutral slight oacillations in wids radius flat glide; model osoll- [—--Tlat glide which osolllates in pitoch
0.-27 195 roll and pltoh. lates 1n pitch during the glids. and begins turning te the left before.
s B striking the safety net.
| I : L
1 1
Elevator 0 apin; leunching rotation dawps in No »pin; launching rotaticn damps in Yo opin; launching rotation damps in

full down
—_—

apgroxhutaly 16 turns; modsl pitches
and rolls into a steep dive wlth

eont lnuous roll

with the allerons

about the longitudinsl body axls;

approximataly 14 turns; model enters
a flat glide, model asollliatas in plitch
during the glide.

. |approximetely b turne; model enters &
flat glide whioh osolilates in pitaeh

and begine twning to the left bafore
atriking the safety net.

veartiocal veloclty: 197,
Kilerons i 1
full against Allerons L
1 agatnst No spin; after launching rotation ?&“"“'
3 dawpd, model enters a flat glide; 1 with
l];atT- model oselllates 1o pitoh during the
500 down glide-
i o [
No upln;mgr;a-er #mmhﬁghamtation (deg) deg)
dampa, a8l sithar pltches lnvarted 0.
fTavaton ] O beglne a tumble. {rpa) {rpa) Deae:ﬁ:mn of
609 down T™he for recovery by
rder arpal

1
Iilerons neutral

N~
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CHART 4b.— SPIN CHARACTERISTICS OF MODEL WITH CENTER OF GRAVITY AT 35 PERCENT Gj
B8INGLE VERTICAL TALL INSTALLED

E.oa.ding 17 in teble ITT end figure 5 (Ix—";—‘f = ~1hhi2 X 107%; u = 15.00)1 model launohed
b

in en erect sttltude with the rudder full with the direction of rotatiom; recoverles attemyted hiy
reversing the rudder from full with to full ageinat the spim unlese otherwlse noted; rotation to

pilot's right
217
86 11D
159 | 0.33 E Ko | spin Ho|epin
3«4 (See (Bee
Ly
oo A obart b(a)) ohast 1(a)
Two conditions posamible
1,
9 | 'S g
Elsvator 2/3 wp g
No jepin | 159 | 0.18 yl
' 2
{see -3 5
chart 1) ©o
8l
., Allerons full against Allerons full with
159 |o.27 Ho | spin ™ no | epin
(Bee (8oe
oo ohart #(a)] chart B(a))
<)
E
N
Ko |spin No spin| ™ No |epin
(800 (8ee (See
chart h(a)}) chart 4(a)) . chart h{a))
a ¢
(deg) | {deg}
fRudder reversed from full with to %againﬂ_’h the spin Model values v a
a converted to (£pal | ¢ )
corresponding P rpe
fuli-acale values. :
U Llnner wing up Turns for
D inner wing down recovery

i ieater than 10 twrms

N
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'OHART 5.- SPIN GHARAOTERISTIOS OF

of rotation; recoveries attempted by reversing the rudders from full with to full agsinst the

CENTER OF GRAVITY AT 30 PEROENT o
[Loading number 15 on table III and rig. 5 (_11_;_2_{! = -789 x 10~%;_ 4= 22.90}; tail arrangement

o
&8 indlcated; model leunched in an erect attitude with the rudders fixed full with the dirsction

spin unless otherwise noted; rotation to pllot's right{

MODEL. WITH VARIOUS VERTICAL TAIL ARRANGEMENTS INSTALLED;

33

Small dual and single vertical tall installed {fig. 2)

- a
2 L]
g g
£ %
]
o
No |spin < i) 20| 0.18
{8ee
chart 3)
- No in 3
2 il
Elevator T up
(See i
chart 1) g
t
[
&
£
Q
]
>
)
=
B
- Allerons full agalnst Allerons full with
No |spin No |spin
(Bee (See
chart 3) chart 3)
g
3
£
(=]
g
b
o
[l .
W
\

.

‘Large radius

flat spin. Termination of spin
rotation indicated to be rapid from this spin
by reveraal of rudders inasmuch as foroced
spin rotation damped rapldly when model was
launched with the rudders set agalnst spln.

Model values
converted to
corresponding
full-gcale values.
U inner wing up

D inner wing down

a -
{deg) | (deg)
v a
(fps) | (rps}

Turns for
recovery
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CHART 5.~ SPIN OHARAQOTERISTICS OF MODEL WITH VARIOUS TAIL ARRANGEMENTS
INSTALLED; CENTER OF GRAVITY AT 30 PEROENT o - Jontinued
Medium size dual vertiocal tails installed (fig. 2}
. o fod
g g
£ 5
M
nL d
Ko| spi < rilry 196f 0.11 ‘ ¥o |spin
(Bee e (See
ohart 3 5 chart 3)
2 Ko Pppin
Elevator }
3® (SBee
chart 1) Y
L]
~
é
N
[~3
a
o
5
]
Allerons full against Allerons full with
No |spln
(Sea
chart 3)
§
-+
—
&
K
8
g
L]
- &
%oael appears to remain in stalled glide . - P
. after termlnation of spin rotation. (deg) | (deg)
Model values v
converted to (f a2
corresponding . pel | (rps )
full~scale values
U inner wing up Turns for
' D Iller wing down recovery
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CHART 5.- SPIN OHARAQCTERISTICS OF

INSTALLED; OENTER OF

ﬁg . RIQUS VERTICAL TAIL AHEANGEMENTS
GRAVITY~AT-36 PEHUEN? © ~ Oonoluded

Large size duesl vertical tails installed (rig. 2)

- a,b
m wu
§5 42 [1oU
g 90 |15D L
9 ° .
No |epin < oy 208|0.10 ¥o |-spin
{See 0] oy (See
chart 3) » ¥ chart 3)
) {J
. 2 {
Elevator I up Ho | epin
—_—]
(Bee
chart 1) g
2
[
[}
8
g
a
]
Allerons full against Allerons full with €
g .
-t
~
a
&
8
g
o
%]
Y

84 ®Ko spin* conditlon alsoc obtained.
Ogolllatory spin.

del goes into left spin after recovery

from right spin.

Model values
converted to
corresponding
full-gscale values.
U inner wing up

i 'iner wing down

a ¢
{deg) | tdag!

(fps) | trps)

[+

Turns for
recovery

35
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CHART 6.~ SPIN OHARACTERISTIOS OF MODEL WXTH VARIOUS VERTIOAL_TAIL ARRARGEMENTS INSTALLED;

. CENTER OF GRAVITY AT 35 PERCENT ¢

ELoading number 16 on tsble III dnd fig. 5 (Ix - Iy = -697 x 10’4;/?= 22.90); tall arrangement
as indicated; model lgunched in an erect a¥§nude with the rudders fixed full with the

direotion of rotation; recoveriss attempted by reversing the rudders from full with to full
agelnst the spin unless otherwise noted; rotation to pileot's right

Bmall dual and single vartioa-l tall installed (fig. 2}

&,b
70 |190 a =
as 2&1: - g i
L3
- o«
-l
196|0.25 <
i | 3u
o= 120 20U
Elevetor 2 up 196 |0.09 *
-—L—- c;E c21
’ z
4
[N
[=]
Kl
b
&
b -
U
81 ZD
Allerons full against . Allerons full with
196 | 0.2 -
L
32
§
~
~
a
|
[~3
Frl
g
L]
&
!
20gcillatory spin. « @
A "No spin'" condition also obtailned. tdeg! | tdeg}
°Hod.el appears to remaln in stalled glide after Mpdel values v o
termination of spirbrotation. Rudder reversell gog:::;:idi:g tfpst | trps)
- Q
from full with to 3 against the apln. follocrale velues.
' U inner wing up Turns for
D inner wing down recovery

o0 ieatar € 10 turns
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CHART 6.- SPIN CHARACTERISTIOS OF MODEL WITH VARIOUS VERTICAL TAIL ARRANGEMENTS
INSTALLED; CENTER OF GRAVITY AT 35 PERGENT ¢ -~ Continued

37

Kedium size %ual vertical talls installed

fig. 2)
» a
s 3
£ g
- o
. o
Ne fspin = 196 [ 0.19
(See b b
chart 4) : 1, 1
2 No {epin
Elevator T up P
' {Bee y
chart 1
&
—
P
a
&
[=]
=
of
b
(]
o |
a =
16U
g0 | 13D
Allerons full against Allerons full with
189 jo.22
o
: ;
3
~
~t '}
a
[
<)
>
o
b
]
H
No {spin : No jepin
(8ee N (See
chart 4) . chart i)
LY
A "No spin® condition also obtained. . a &
odel appeare to remain in stalled glide (deg) | (deg)
after termination of epin rotation. Model values . v
converted to (fpst | ¢ e }
corresponding P rps
full-scale values. -
U inner wing up Turns for
D 4inner wing down recovery

- — i ireater than 10 turns i
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CHART 6.- SPIN .OHARACTERISTICS OF MODEL WITH VARIOUS VERTIOAL TAIL ARRANGEMENTS
INSTALLED; CENTEZR OF GRAVITY AT 35 PERCENT ¢ - Concluded .

Large slze dual vertical tails installed (fig. 2)

. Two types of spin

>
gu g & g |28y
g2 | 3P £ % g | 3P :33 LD
s & -
o & ]
208 0.18 2y 208} 0.10} 208 No |spin
a b, b b, b L (8
1“1 ee
a&’ % _%’ % N ochart 4)
2
Elevator 3 up Ho |spin
(Bee
chart 1) &
2
£
Q
3
] .
B
L
P
[
. Allerons full agalnst Allerons full with
No [epin No | spin)
(See ) (See
chart 4) chart U4)
g_ .
o
—~
[}
a
h
a
=
o
I
@«
—
W
No |spin
(See
chart 4)
1. to remain in etalled glide
Bug %eraggggigation of spln rotatlon. a
Model goes into left spln after recovery {deg] | {deg)
from right apin. Model values v Py
3 . converted to (f
corresponding pel | (rpa)
full-scale values
U linner wing up . Turns for
D inner wing down recovery

— .
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39

Figure 1l.— Drawing of the %-—scale model tested in the Langley 20—foot

free—spinning tunnel. Cenmter of gravity positioned at 24 percent G.
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Filgure 2.— Comparison of the various vertical-multitail arrangsments

teated on the Elg—scale model (values are model dimensions).
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Flgure 3.—-Photograph of the %—sca_le model spinning in the Langley

20—foot fres—spinning tunnel.
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Figure lL.— Photograph of the _f‘—é'—scale model mounted on the strain-gage
balance 1in the Langley 20-foot free—sgpinning tunnel.
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Figure 5.— Inertla paremeters for loadings tested on the..%—scale model..

{Points are for loadings listed in table IIT.)
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Figure 6.— Elevon deflections used on the models for verious control—
etick positions.
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Figure T.— Typicel rolling motion of the g;-scqle model with ailerons

set against the spin following launching with spinning rotation.
The center of gravity is at 24 percent T. Camera speed is 64 framss

per second. AR
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Figure T.- Contlinued .
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Figure 7.~ Concluded.
I
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Figure 8.— Comparison of the aerodynamic charac’ceristics in pitch of

the % — and ﬁ-—scale models and a similer full-scale airplane.

Center of gravity at 24 percent ¢. V¥ = Qo, 8 = 0°, 8y = 0%,
8, = 0°.
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Figure 9.— Aerodynamic characteristics in pitch of the ]%'—-scale model.
Center of gravity at 24 percent ©. ¥ = 0°, 8, = 0°, 8, = 0°.
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Figure 10,~ Pitching-moment charecteristica of the i%-scale model

ghowing the variation In trim for varioug positlons of the center
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Figuré 1l.— Trim tendencies- of the %—scale model as determined from

gllde tests in gpin tumnel. C(Center of gravity and elevators posgitioned
as shown
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